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Local Application of Antirabies Gamma-Globulin
in Dried Form for the Prevention of Rabies

V. D. SOLOVIEVI & G. D. KOBRINSKI 2

The authors report on guinea-pig experiments conducted to determine the effect ofdried
antirabies gamma-globulin in the local treatment of wounds infected with street rabies.

The results showed that local application of dried gamma-globulin within 30 minutes of
the time of infection of the woundprotected the majority of animals and resulted in a con-
siderably longer incubation period in the remainder than in the controls. When the prepara-
tion was applied later than 30 minutes after infection, the therapeutic effect was slight or
absent. Optimum protection in these experiments was obtained through rapid application of
gamma-globulin, followed by vaccination every other day for six days.

Dried antirabies gamma-globulin exerts a specific, local action on the rabies virus and
is entirely painless and non-destructive to body tissues.

Cauterization of wounds inflicted by animals with
red-hot metal or powerful chemical agents has been
used since ancient times. Only relatively recently, in
1943, was it shown by Shaughnessy & Zichis that it
was possible to treat such wounds effectively with
such comparatively harmless agents as a 20% soft-
soap solution or the cationic detergent benzalkonium
chloride.

Advances in seroprophylaxis achieved during the
past few years have enabled us to study a number of
new agents for the local treatment of wounds which
exert specific action on the rabies virus. The third
and fourth reports of the WHO Expert Committee
on Rabies (1957, 1960) recommend for local treat-
ment of wounds inflicted by animals the use of anti-
rabies serum infiltrated into the tissue beneath the
wound-this in addition to washing of the wound
with soap or a detergent solution and, when indicated,
careful cauterization with nitric acid.

Considerable success has been achieved in the
seroprophylaxis of rabies in the Soviet Union by the
use of a very effective agent-namely, antirabies
gamma-globulin. Data on the study and practical
use of this agent have been published elsewhere
(Selimov et al., 1957, 1959).
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During recent years studies have been carried out
at the Mechnikov Institute of Vaccines and Sera,
in Moscow, on the effect of powdered antirabies
gamma-globulin for the local treatment of wounds
infected with street rabies. Preliminary results of
these studies were published in 1958 by Soloviev
et al. Results of further investigations are given
below.

MATERIALS AND METHOD

Virus
For our experiments street virus obtained from

the brain of a man who had died of rabies in 1957
was used. The diagnosis was confirmed in our
laboratory by histological examination (Negri
bodies) and virological studies (intracerebral inocula-
tion of mice).
The isolated virus was passed four times through

guinea-pigs by intramuscular injection and then in-
troduced into the brains of rabbits and dogs. A 10%
suspension of the brains of these animals was used,
prepared with 10% normal horse serum in distilled
water and stored as a 20% suspension in 1 -ml sealed
ampoules at -70°C. A fresh batch of virus was
prepared for each series of experiments.
Each batch was titrated intracerebrally in mice.

The LD50 varied between 0.03 ml of a 10-5 1 dilution
and 0.03 ml of a l0-6.8 dilution. The virus suspension
was also tested for specificity. For this purpose we
used the supernatant fluid obtained by rapidly thaw-
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ing the brain suspension, diluting it twice and
centrifuging for five minutes at 1500 r.p.m.

Gamma-globulin
Antirabies gamma-globulin was obtained after

prolonged immunization of horses with a suspension
of rabbit brain containing fixed rabies virus (Moscow
strain). The serum of horses with a sufficiently high
specific antibody titre was subjected to sedimentation
at low temperature with ethyl alcohol (one of the
methods of obtaining antimeasles gamma-globulin).
The powdered product obtained by drying of the
globulin was then used in the experiments. Neutral-
ization tests on mice showed that 10-4 of a 10% dilu-
tion of gamma-globulin neutralized 100 LD50 of the
fixed virus.

Experimental method
Hair was removed with scissors from a skin area of

1-1.5 cm1 over the masseter muscles on either side of
the head of guinea-pigs weighing 250-300 g. From
12 to 15 scarifications, 3 mm deep, were then made
with the sharp points of the scissors in the cleared
area. With a syringe 0.5 ml of the 10% brain sus-

pension described above was then deposited on the
scarified surface on either side of the head.
A 0.2-g quantity of powdered antirabies gamma-

globulin was applied to the wound after inoculation
with street virus, the intervals between inoculation
and this application varying between 3-5 minutes and
2 hours.

In certain experiments concentrated carbolic acid
was used for cauterization of the wounds, 0.5 ml
being dropped with a syringe into each wound.
Where vaccination was done for comparison with

gamma-globulin treatment, 1 ml of 0.5% Fermi
vaccine was injected intraperitoneally every other day
over a period of 6 days.
The animals were observed for a period of 60 days.

Diagnosis of rabies in animals which died during this
period was made histologically (Negri bodies) and
virologically (mouse inoculation).

RESULTS

Effect ofgamma-globulin in relation to time of
application

In the first series of experiments the effect of anti-
rabies gamma-globulin was studied in relation to the
time of its application after infection (Table 1).
The data shown in Table 1 demonstrate that local

application of gamma-globulin powder within 15-30
minutes has a marked therapeutic effect and prevents
the development of rabies in the majority of animals.
Guinea-pigs that became ill despite treatment had a

longer incubation period than those in the control
group.

If gamma-globulin is applied later, either the
therapeutic effect is very slight or the results are

totally negative.

TABLE 1
EFFECT OF LOCAL TREATMENT OF WOUNDS WITH ANTIRABIES GAMMA-GLOBULIN POWDER

AT DIFFERENT TIMES AFTER INOCULATION

Interval between inoculation and treatment
Experi- Factors studied Cotrl
ment No. 3-5 15 30 1 2 Controls

minutes minutes minutes hour hours

No. dead/No. inoculated 1/10 - - 8/10 9/10 9/10
Average incubation period 27 days - - 20 days 21 days 22 days

No. dead/No. inoculated 2/10 3/10 6/10 - - 8/10

Average incubation period 27.5 days 30 days 26 days - - 17.5 days

No. dead/No. inoculated - 1/8 5/8 8/8 - 8/8

Average incubation period - 32 days 31 days 25 days - 22 days

IV |
No. dead/No. inoculated 1/8 2/7 7/8 8/8 8/8
Average incubation period - 30 days 27.5 days 20 days 19 days 17 days
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TABLE 2 X
EFFECT OF LOCAL TREATMENT OF WOUNDS WITH ANTIRABIES GAMMA-GLOBULIN

POWDER AND OTHER AGENTS APPLIED 15 MINUTES AFTER INOCULATION

Treatment agent

Antirabies
Factors studied Antirabies gamma- Carbolic Antitetanus Controls

gamma- globulin with acid gamma-
globulin antibiottc globulin

mixture

No. dead/No. inoculated 3/8 4/8 5/7 8/8 6/6
Average incubation period 16 days 23 days 14.5 days 16 days 12.8 days

Comparison of gamma-globulin with other treatment
agents

In the next series, gamma-globulin was applied
15 minutes after infection and the experiment was
devoted to comparative study of four different agents.

1. Antirabies gamma-globulin powder alone;
2. Antirabies gamma-globulin powder mixed with

sulfathiazole, penicillin and streptomycin (the latter
substances were mixed in equal proportions and the
mixture was added to the gamma-globulin in a ratio
of 1: 10);

3. Concentrated carbolic acid; and
4. Dry antitetanus gamma-globulin.
(The last of these was used as control, as it is

likewise prepared from the serum of immunized

horses and represents a protein substratum bio-
chemically comparable with antirabies gamma-
globulin.)
The data given in Table 2 confirm the specificity

of the antirabies gamma-globulin and provide further
control figures. As seen from that table, carbolic
acid, in spite of its strong cauterizing action, seems
less effective than the antirabies gamma-globulin.
However, the observed difference is not statistically
significant.

Gamma-globulin combined with antirabies vaccination

The experiments outlined in Table 3 illustrate the
effect of antirabies gamma-globulin powder com-
bined with antirabies vaccine.

TABLE 3
EFFICACY OF ANTIRABIES VACCINATION WITH OR WITHOUT
TREATMENT OF WOUNDS WITH ANTIRABIES GAMMA-GLOBULIN

15 MINUTES AFTER INOCULATION

PREVIOUS LOCAL
POWDER APPLIED

Treatment method

Antirabies
Experl- Fcossuid Antirabies gamma-

ment No. Factos studied g globulin Antirabies Controls
gamma-i combined vaccinationgobulin with only aony antirabies

vaccination

No. dead/No. inoculated 3/8 3/8 6/8 6/6
Average Incubation period 28 days 26 days 19 days 22 days.

No. dead/No. inoculated 1/8 0/8 4/8 515
Average incubation period 32 days - 19 days 20 days

No. dead/No. inoculated | 2/10 0/10 6/10 8)8
Average incubation period 32 days - 21 days 24 days

a Antirabies vaccination was started 24 hours after Inoculation.
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TABLE 4
LOCAL AND GENERALIZED ACTION OF ANTIRABIES GAMMA-GLOBULIN POWDER

APPLIED 15 MINUTES AFTER INOCULATION

Antirabies gamma-
Antirabies gamma- globulin applied

Experi- Factors studied globulin applied to scarified area Controls
ment No. to surface of on opposite side

infected wound of head from
infected wound

No. dead/No. inoculated 2/8 5/8 6/6

Average incubation period 24 days 22.5 days 20 days

No. dead/No. inoculated 3/10 8/10 8/8

Average incubation period 22 days 19 days 17 days

The table shows that antirabies vaccination alone
gives insufficient protection, owing to the very short
incubation period of the disease resulting from the
severity of the wound inflicted. Only when combined
with local treatment of the wound with antirabies
gamma-globulin powder 15 minutes after inoculation
is vaccination able to protect experimental animals
from rabies.

Local action ofgamma-globulin

The very fact that the local treatment of wounds
with antirabies gamma-globulin powder is effective
only in the first 15-30 minutes after infection has
taken place is in itself a proof that this agent exerts its
action primarily locally.
To test this hypothesis the following experiments

were performed.
Three groups of guinea-pigs were taken and ex-

perimental wounds were inflicted on both sides in the
region of the masseter muscles, but only one side
was infected.
One group of animals received local application of

the gamma-globulin powder 15 minutes after infec-
tion on the infected side; another group received the
same treatment after 15 minutes but on the opposite
side. The third group of animals served as controls.
The results of these experiments are given in Table 4.
They show that the leading role in the protection of
animals against rabies is played by the local action
of the gamma-globulin on the virus. There is also
some generalized activity by this agent, but it is con-
siderably weaker.
The generalized activity of gamma-globulin may

possibly be explained by the fact that-as the experi-

ments have shown-local application of gamma-
globulin is followed by the appearance of specific
antibodies' which the preliminary studies have
shown to disappear very rapidly from the body, being
hardly detectable 96 hours later.
Summing up all the experiments one is justified in

concluding that dry antirabies gamma-globulin is
highly effective for local treatment of wounds in-
fected with street rabies if it is applied within 15-30
minutes after the infections have taken place. If it is
applied later, its usefulness is doubtful.
The use of gamma-globulin also appeared more

effective than that of carbolic acid.
In animals that fell ill despite the use of gamma-

globulin powder, this agent was nevertheless able
to prolong the incubation period. The experiments
have shown that this fact is of decisive importance as
regards the effectiveness of the antirabies vaccination
after severe wounds, when the period of incubation
is known to be short and vaccination alone might be
ineffective. In such cases more complete protection
can be obtained only through the combined use of
gamma-globulin and vaccination (Veeraraghavan &
Subrahmanyan, 1960).

Experiments designed to test the mechanism of
action of antirabies gamma-globulin have shown
that this agent is capable of inactivating the virus
locally only when it is applied not later than 15-30
minutes after infection of the wound. The weak
general action of the gamma-globulin is possibly due
to its rapid elimination from the body.

I Antibody investigations were conducted 24 hours after
the application of gamma-globulin powder to the non-
infected wounds of guinea-pigs.
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DISCUSSION

There have been very few investigations on the
local treatment of wounds by agents which exert
specific action on the rabies virus.

In 1955 Ahuja & Suri published the results of their
investigation of the local and general action of anti-
rabies serum. Their data indicate that local applica-
tion of hyperimmune antirabies serum and even
the infiltration of wounds with the serum four
hours after infection gave no protection against
rabies.

In 1957, Perez Gallardo, Zarzuelo & Kaplan
published their paper on an investigation of the
action of infiltration with hyperimmune antirabies
serum of wounds infected with street rabies. In 1958
a paper was published by Soloviev, Selimov &
Kobrinski on the local action of dry antirabies
gamma-globulin.
According to Perez Gallardo et al., the administra-

tion of hyperimmune serum produces a marked
therapeutic effect during the 24 hours following in-
fection. No substantial difference was noted between
the local action of the serum (when applied to the
wounded tissues) and its general action (when applied
away from the site of the wound).

Antirabies gamma-globulin exerts a specific action
on the rabies virus. Its local action is entirely pain-
less and non-destructive to the tissue. When it is
absorbed into the blood it creates passive immunity
and is thereby able to act upon virus which has
penetrated deeply into the body tissues. All these
properties render it markedly different from the
other, non-specific, agents used so far for the local
treatment of wounds.
Dry antirabies gamma-globulin maintain its

activity for a long time, and-what is also a very

RItS

Les methodes les plus utilisees pour le traitement local
des blessures caus6es par des animaux enrages consistent
a laver les plaies au moyen d'une solution de savon ou de
produit detersif, ou de les cauteriser a l'aide de substances
chimiquement tres actives.

Les auteurs ont etudie, sur des cobayes infectes par le
virus des rues, l'efficacite du traitement local par la gamma-
globuline antirabique en poudre. Les plaies avaient
pour siege la region des mass6ters. La gamma-globuline

important factor in the treatment of wounds-it has
a much higher concentration of specific antibodies
than liquid gamma-globulin. The effectiveness of
the dry gamma-globulin would apparently be en-
hanced if its solubility were to be increased, which in
turn would make it more easily absorbed. We
believe that this should be feasible.
The treatment of wounds with the antirabies

gamma-globulin powder is an incomparably simpler
procedure than the intramuscular injection of hyper-
immune serum or of the liquid gamma-globulin
preparation. In view of this and of the fact that the
powder can be easily stored without loss of efficacy,
the method described in this paper may become the
only practical means of first aid to bitten persons,
particularly those who are unable to reach a rabies
treatment station in good time; at any rate, it may
prove the only method of prolonging the incubation
period and thus of providing an opportunity for
unavoidably retarded vaccination to take effect.
Such treatment might be particularly beneficial to
hunters, sportsmen, tourists, persons on expeditions
and the like. Similarly, it would appear reasonable
to supply this drug to such persons as veterinary
surgeons and animal collectors who are in frequent
contact with animals and consequently at consider-
able risk.
Timely treatment with this agent may also be a

useful accessory to rabies prophylaxis by serum
vaccination.
To control bacterial infection in the wound it is

suggested that gamma-globulin powder be used in
conjunction with antibiotics and chemotherapeutic
agents.

It has been decided to recommend the use of
antirabies gamma-globulin in the USSR for the local
treatment of wounds inflicted by animals.

UMt

antirabique etait obtenue par sedimentation a basse tempe-
rature d'un serum antirabique hyperimmun dans l'alcool.
La premiere serie d'experiences a montre que la majo-

rit6 des animaux sont proteges si l'on traite les plaies au
moyen de gamma-globuline specifique, 15 a 30 minutes
apres l'infection, et que, chez ceux qui contractent nean-
moins la maladie, la periode d'incubation est nettement
plus longue que chez les temoins. Au-dela de 30 minutes,
la preparation est moins efficace ou totalement inop6rante.
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Le traitement des blessures a la gamma-globuline anti-
rabique, 15 a 30 minutes apres l'infection par le virus des
rues, a donne de meilleurs resultats que la caut6risation
au moyen de ph6nol concentre pratiquee dans le meme
delai. Les gamma-globulines non sp6cifiques sont restees
sans effet.
Le traitement local imm6diat des plaies par la gamma-

globuline antirabique, suivi de la vaccination tous les

deux jours pendant 6 jours a donne les meilleurs r6sultats
dans le cas de plaies profondes de la region des masseters,
infectees par le virus des rues.
La gamma-globuline antirabique dessechee utilis6e

pour traiter des blessures infectees par le virus des rues
peut inactiver localement le virus dans les tissus 16ses
eux-memes; son application est indolore, et inoffensive
pour les tissus.
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